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The Honorable J. Millard Tawes
Governor of the State of Maryland
State House

Annapolis, Maryland

Dear Governor Tawes:

The report of your Committee to Study Shore Erosion is sub-
mitted herewith. Your committeemen express their appreciation
for having been given this opportunity to become fully acquainted
with the problem.

Members of the committee, both individually and as a group,
have observed many examples of shore erosion. We saw some suc-
cessful efforts to prevent or retard shore erosion but many more
that were only partially effective or completely ineffective in pre-
venting damage. The individuals on your committee have studied
carefully a mass of pertinent information. Personnel of State and
Federal Agencies known to be concerned were invited and have
attended meetings of the committee to discuss the problem from
their viewpoint and to explain the details of their actual, as well as
their assigned, roles in the control of shore erosion.

Our report is submitted with the hope that the information
contained therein will contribute to a clear recognition of the im-
portance of the problem of shore erosion and the recent marked
acceleration of the economic losses that our State is experiencing
from this cause.

Proven engineering techniques and skills that will insure pro-
tection, if applied to physiographic units of shore line, are now
available. However, new legislation is needed to permit private
citizens who own eroding land to join with local, state, and federal
agencies to control the destructive and obstructive effects of the
action of wind and wave on Maryland’s tidal shores.

Sincerely yours,

William K. Connor William R. Kahl
Stanley E. Day Clarence Z. Keller

T. Walter Denny Milton M. Malkus
Ralph L. Dodge Bernard L. Nicholson
George W. Dorsey, Sr. Jack W. Rayner
Joseph G. Harrison John E. Stafford
Walter C. Hopkins Upshur C. Stevenson

Robert L. Green, Chairman
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SUMMARY

Shore erosion is the result of the combined forces of wind,
waves, and tides acting against exposed reaches of shore line. The
most obvious damage is the direct damage to the affected property,
but losses also affect adjacent property owners, the counties and
the state. In some instances the deposition of eroded material may
block navigable channels necessitating abandonment or expenditure
of large sums for channel maintenance. In some other instances
erosion of shore lines adds to the sediment load of adjacent waters
and is harmful to marine biological life. Erosion along one reach
of shore line may be beneficial to another reach in that soil lost at
the first may be transported by littoral drift and deposited at the
second reach to form a protective beach. However, the harmful
effects of shore erosion are most readily recognized and generally
this aspect is implied when the *“shore erosion problem” is dis-
cussed.

Shore Erosion in Tidewater Maryland, Bulletin 6 of the Depart-
ment of Geology, Mines and Water Resources, vividly portrays the
extent of shore erosion losses from about 1850 to 1942. In this
excellent reference work, published in 1948, Dr. J. T. Singewald, Jr.,
and Mr. T. H. Slaughter point out that 1,939 of Maryland’s 3,190
miles of shore line have an erosion problem with an average net
loss of 0.14 acre per mile per year. This average covers a wide
range from virtually no loss to linear recession of 500 to 700 feet
during the period of study. Recession and accretion of some points
far exceed these; for example in Anne Arundel County a hooded
spit built out linearly 1900 feet northwest of the mouth of Jack
Creek reducing its width to 150 feet; from Carr’s Creek to Parker
Creek there was linear recession of 700 feet; however, the neck
known as Parker Island had receded 2,600 feet. These examples
represent the extreme but were selected to minimize the possible
tendency for one to be complacent towards the problem when aver-
ages only are considered. :

The State Roads Commission has effectively protected the
highway at Ocean City by means of groins which have caused
deposition of a protective beach. The jetty, north of the Ocean City
Inlet constructed and maintained by Corps of Engineers, U. S.
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SUMMARY 9

Puerto Rico have contributed to the cost of studies. In addition to
these, Virginia has contributed funds to Virginia Beach but has no
general policy at this time.

The consensus of the committee is that shore erosion in Mary-
land is of increasing importance. The physical problem in itself
has changed little over the years; however, the demands on the land
of an increasing population make shore erosion of greater concern
to more people than ever before. The science of shore erosion con-
trol has markedly advanced in recent years through research by
the Beach Erosion Board, Corps of Engineers, United States Army
and other agencies and through the increased knowledge available
from reports of accomplishments throughout the world in publica-
tions, such as Shore and Beach of the American Shore and Beach
Preservation Association.

In view of these conditions the committee believes Maryland
should centralize and expand its efforts for the control of shore
erosion and respectfully submits the recommendations which fol-
low in a sincere belief that their adoption will effect a material re-
duction of our continuing irreversible losses of increasingly valuable
bay shore and ocean shore land.
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Iv.

RECOMMENDATIONS 1

2. Design, or cause to be designed, shore erosion control
structures (including vegetative cover).

3. Enter into agreements with individuals, municipalities
or counties for construction of shore erosion structures.

4. Supervise, or secure supervision, of the erection of
shore protective devices.

5. Prepare and prosecute requests for appropriation of
funds necessary to pay the state’s share of the costs
of such shore protective devices.

The committee recommends that an engineer qualified in
shore erosion control be appointed operational head of the
independent agency and that he be provided with essential
staff to perform the above functions. It is further recom-
mended that the operational head of this agency be an ex-
officio member of the State Board of Natural Resources.

The committee recommends that an Advisory Commission be
appointed with responsibility for establishing operational
policy and work priorities for the shore erosion control
agency.

The committee recommends that the state match county and
local, private or public, funds that may be made available for
shore erosion control studies to be carried out by the Corps
of the Engineers, United States Army.

The committee recommends that the state contribute 25% of
the construction costs of projects approved by the new agency
for protecting complete physiographic units of shore line on
land owned by individuals, municipalities or counties. The
value of engineering services provided by the shore erosion
control agency in the planning and design of such works shall
be considered a part of the state contribution. The agency
shall actively seek cooperation and cost sharing from federal
sources for all eligible projects. After project designs and
cost estimates are complete and there is adequate assurance
that 75% of estimated project costs will be available from
funds contributed by individuals, municipalities, counties or
federal sources, the agency will submit a request supported
by an itemized list of such specific projects for appropriations
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Appendix
INTRODUCTION

The Maryland shore line extends for 3,190 miles along the
Atlantic Ocean, the Chesapeake Bay and other bays and tidal
estuaries. The United States Coast and Geodetic Survey Serial 22,
revised in 1939-40, shows 31 miles of general coast line, 452 miles
of general shore line and 38,190 miles total detailed shore line. The
latter figure includes shore lines of bays, sounds and other bodies
of water to the head of tidewater or to a point where such waters
narrow to a width of one hundred feet and includes the shore line
of the islands within the bays.

In 1949 the Maryland Department of Geology, Mines and
Water Resources published Bulletin 6, Shore Erosion in Tidewater
Maryland. In this report, Dr. Joseph T. Singewald, Jr., Director,
and Mr. Turbit H. Slaughter, Geologist, report a comparison of the
Maryland shore line from the earliest available maps, 1848-1849, to
the latest available maps which were published in 1942. In a sum-
mary of measurements the detailed comparison shows 1,939 miles
of shore line subject to an average net loss of 0.14 acres per mile
per year. The range of losses varied from 0.04 acres per mile per
year in Prince Georges County to 0.22 acres per mile per year in
Dorchester County. The total loss was 29,371 acres and the net
loss, in excess of deposition, was 24,712 acres or 320 acres gross
loss, and 265 acres net loss per year which verifies to some degree
an anonymous observation that shore lines are an exhaustible
resource,

Shore erosion will continue to be a serious problem in Mary-
land. However, increased knowledge of how to control shore erosion
from the Beach Erosion Board, Corps of Engineers, United States
Army, and other sources makes our present study timely. The
direct property losses, the retarding effect of unstable shore lines
on development, the influence on marine biological life, the channel
dredging costs, and other results, especially when considered in
light of increasing population pressures in the area, indicate some
responsible group should give careful consideration to the needs
and responsibilities of the citizens, municipalities, counties, and
state.

13
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GOVERNOR’S COMMITTEE 16

Preservation Association made available publications and unpub-
lished reports which may not have otherwise been available, Five
committee members attended the annual meeting of the Association
in Ocean City. These five members made contact with professional
specialists in shore and beach preservation and had the opportunity
of an inspection trip on Assateague Island where extensive shore
erosion is currently taking place.

Field meetings of the committee have been held at Smith Is-
land, Ocean City, Kent Island and Annapolis. The first and last of
these meetings included shore line inspection from patrol boats of
the Department of Tidewater Fisheries. Representatives of the
Beach Erosion Board and the Office of the District Engineer, Corps
of Engineers, United States Army, attended most of the above field
meetings to assist in explaining technical details of shore erosion
processes and control techniques observed.

The staff of the Beach Erosion Board was host for one day at
the facilities of the Board in Washington, D. C. The staff members
discussed fundamentals of shore erosion processes and demonstrat-
ed facilities and techniques used for research.

At one meeting, representatives of all state and federal
agencies concerned with shore erosion discussed activities, policies
and laws of their respective agencies. The Department of Geology,
Mines and Water Resources, the State Roads Commission, the De-
partment of Forests and Parks, and the Agricultural Extension
Service were the state agencies represented. The Soil Conservation
Service, the District United States Army Engineer’s office and
Beach Erosion Board were the federal agencies represented. A
Pbast-president and the executive secretary of the American Shore
and Beach Preservation Association were also present to discuss the
work of the Association.

In addition the committee has held six other meetings for dis-
cussions leading to the format and contents of this report with the
better part of three meetings developing the recommendations.

It is the consensus of the committee that far more time than
has been available would be required for one to become a qualified
specialist in the science of shore erosion control. On the other hand,
it is felt that the committee has acquired sufficient background
knowledge from which to draw its conclusions and on which to base
its recommendations.
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AREA AFFECTED 17

1:200,000 and 1:400,000 scale when available. The shoreline of
bays, sounds, and other bodies of water is included to a point where
such waters narrow to a width of 8 statute miles, and the distance
across at such point is included.

3. Tidal Shoreline, Detailed. Mileage under this heading was
obtained in 1939-40 with a recording measure on the largest scale
maps and charts then available. Shoreline of bays, sounds, and
other bodies of water is included to the head of tidewater or to a
point where such waters narrow to a width of 100 feet.

Length in statute miles

Total Total
General shoreline, shoreline,
Locality coastline general detailed
Maryland ..., 31 452 3,190

4. Ocean Shoreline. The earliest known authentic map of a
portion of Maryland’s coastal shoreline is indicated on a drawing
prepared by a survey of the United States Coast and Geodetic
Survey in 1849. This survey embraces an area of the Atlantic Coast
and the Sinepuxent Bay area from approximately 5 miles south of
South Point on State Route 611 for a distance of several miles
north of Ocean City, which lies approximately 9 miles south of the
Maryland-Delaware line. The survey shows the shoreline very uni-
form in direction, without any indication of an existing inlet, al-
though on Assateague Island opposite South Point there appeared
on the chart the wording “OLD SIN EPUXENT INLET.”

Successive coastal surveys and maps made by this agency re-
. vealed a similar condition to their 1849 survey and maps, except
for notations relative to several small inlets south of Ocean City.

In a survey of August 1877, the United States Coast and Ge-
odetic Survey issued information showing the approximate deter-
mination of main buildings in Ocean City. The Atlantic Hotel and
Ocean House, together with about a half dozen other buildings, are
shown on this chart. Also recorded is the Eastern Shore Railroad
line which crossed Sinepuxent Bay with a bridge containing a
draw span.
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EXTENT OF SHORE EROSION 19

One owner wrote the committee to say he bought a lot 100’ x
125’ in 1958 and now it was about 100’ x 105'. Another owner wrote
that he could afford no more protective works and would have to
salvage as much of his investment as possible by disposing of his
bayfront cottage. While caveat emptor is the rule, there is an in-
dication of need for required protection by developers for the good
of the communities and counties.

In tables 17-20 in that part of the previously cited Bulletin 6
devoted to the Shore Erosion Measurements, Slaughter effectively
summarized quantitative data of shore erosion. These data depict
clearly long range trends and averages and it was considered un-
necessary by the committee to attempt to update these data even if
necessary personnel had been available. These tables are repro-
duced here without modification as a summary. Persons having
need for additional details are referred to the original text.

TABLE 17.—Mainland Shore Erosion Statistics of Maryland Tidewater Counties

Time | Miles Annual

County Inter- | Meas- |Erosion Depo- | Net | Rate of] Rate of
val ured sition | Loss | Loss | Loss
years acres | acres | acres | acres | acres
Anne Arundel.................. 89 135.1 1902 290 1612 11.1 .12
Baltimore.......................... 89 59.9 698 80 618 10.3 .11
Calvert.......cooovro 90 67.0 890 232 658 9.8 .10
Charles..........c.ooooco 61 88.3 361 193 168 1.9 .03
Harford........... 94 66.8 834 117 717 10.7 .11
Prince George's.. 81 21.8 107 35 72 3.3 .04
St. Mary’s......ocooooovvo . 82 115.1 1600 218 1382 12.0 .14
Western Shore Totals.. 84 553.5 | 6,392 | 1,165 | 5,227 9.4 11
Caroline.......................... 93 13.1 128 3 125 9.3 .10
Ceeil.ninoioe 94 77.5 843 171 672 8.6 .09
Dorchester.... 94 224.5 4673 283 4390 19.5 .20
Kent................. 96 81.2 1013 99 914 11.2 .11
Queen Anne’s....... .| 96 |122.6 | 1874 243 | 1631 | 18.8 .13
Somerset................... 93 113.1 1630 121 1509 13.8 .14
Talbot........ooooeroo . 90 162.9 1792 162 1630 10.0 11
Wicomico.........coo.oovvii. 93 35.0 552 9 543 15.5 .16
Worcester........................ 92 |178.3( 2208 | 1738 468 2.5 .02
Eastern Shore Totals...| 93 1,008.2 14,711 | 2,829 111,882 | 10.7 L1
MAINLAND TOTALS ... 89 ]1,561.7 | 21,103 3,994 {17,109 10.9 .11
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TABLE 20.—Shore Erosion Totals in Mar

yland Tidewater Counties

Time | Miles Annual

County Inter- | Meas- |Erosion Depo- | Net |Rate of] Rate of
val ured sition | Loss | Loss | Loss
years acres | acres | acres | acres | acres
Anne Arundel................... 89 | 138.1] 1931 295 | 1686 | 11.9 .14
Baltimore........................ 89 67.1 893 82 811 13.5 .15
Calvert................o............ 90 68.7 893 232 661 9.6 11
61 92.3 415 198 217 2.4 .04
94 80.6 | 1101 131 970 | 12.0 .13
Prince George’s............... 81 21.8 107 35 72 3.4 .04
St. Mary’s.........ccoooon... 82 | 127.3 ] 1801 267 | 1534 12.1 .15
Western Shore Totals.. 84 595.4 | 7141 1240 5901 9.7 11
Caroline........................... 93 13.1 128 2 125 9.2 .10
Cecil ..ol 94 77.5 843 171 672 8.7 .09
Dorchester........................ 94 333.2 7319 433 6886 20.7 .22
Kent..oooooooeeoee 96 100.2 1302 122 1180 11.8 .12
Queen Anne’s............... 96 | 129.4 | 2026 247 | 1779 | 18.7 .14
Somerset..........cooooeoooo . 93 233.0 3555 251 3304 14.2 .16
Talbot.........oooveereeer 93 189.0 3435 213 3222 17.0 .18
Wicomico.............co.o.......... 93 35.0 552 9 543 | 15.5 17
Worcester.......................... 92 (233.6 | 3070 | 1970 | 1100 4.7 .05
Eastern Shore Totals...!| 94 1,344.0 | 22,230 | 3419 | 18,811 | 14.0 .15
MARYLAND ToOTAILS......... 90 1,939.4 (29,371 | 4,659 [24,712 | 12.6 | 0.14
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MECHANICS OF SHORE EROSION 23

windward side with a return flow along the bottom. Wave fore-
casting procedures may be used to translate meteorological data
into wave data. Because this procedure involves many factors and
is of a highly technical nature, it is omitted from this report but
may be found in appropriate literature,

The tide is the alternate rising and falling of the level of the
sea caused by the attractive forces of the sun and moon on the
rotating earth. There are usually two high and two low waters in
a tidal or lunar day. Tides follow the moon more closely than they
do the sun. As the lunar day is about 50 minutes longer than the
solar day the tides occur about 50 minutes later each day. Because
of the varying effects of the sun and moon, a diurnal inequality in
tides occurs in which, at certain places, there may be little differ-
ence between one high water and the succeeding low water of a
day but a marked difference in height between the other high water
and its succeeding low water. Along the Atlantic coast the two
tides each day are of nearly the same height. The tidal range be-
tween Cape May, New Jersey and Cape Henry, Virginia has a
mean approximate range of from 8 to 4 feet except that spring
tides range from 8 to 5 feet. The extreme range is from 38 feet
below Mean Low Water to 3.5 feet above Mean High Water.

Beaches or shore lines, unless naturally protected by marsh-
land, other vegetation, stone, or man-made defenses, have a dy-
namic existence. Wind and water are constantly moving shore
material. Most of the material is moved adjacent to the shore in
the littoral zone under the influence of waves and currents. The
material subject to such movement is referred to as littoral drift
and the movement as littoral transport.

Waves and currents supply the forces necessary to move the
littoral materials. The mechanics of littoral transport are not pre-
cisely known, but it may be generally stated that littoral material
is moved by one of three basic modes of transport.

(1) material, known as “beach drift”, moved along the fore-
shore in a more or less scalloped path due to uprush and
back wash of obliquely approaching waves,

(2) material moved principally in suspension in the surf zone
by littoral currents and the turbulence of breaking waves.

(3) material moved close to the bottom by sliding, rolling and
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MECHANICS OF SHORE EROSION 25

question or cliff or dune erosion is sufficiently rapid to provide ap-
preciable supply.

The amount of the various contributions to the littoral supply
streams carrying sand can be determined approximately by these
general methods:

(a) direct measurements.

(b) studies of terrestrial sedimentation.

(c) computation of the sediment carrying capacity of the
streams.

To date, the only method upon which any great degree of reliance
can be placed is that of direct measurements.

Eroding coastal formations are the last major source of beach
material. Along much of the sea coast it is relatively unimportant.
As long as a beach berm is maintained between the formation and
the action of the waves, such a formation contributes negligibly
to the littoral supply. At some locations, littoral transport has
been interrupted by artificial barriers and the ocean has turned to
the upland for its supply, causing serious recessions of the coast
line. The amount of such econtribution can only be estimated
through comparative surveys, sub-division plot maps, property
surveys, and statements of long-time residents of an area. In shore
areas containing bluffs, rises in the water level may allow waves to
attack the bluffs, which are generally of a friable material. This
causes recession of the shoreline and contributes to the supply of
potential beach material. However, the formations frequently con-
tain much material too fine to remain on the beach. When most of
the potential beach material is fine sand, silt or clay, once it is in
the littoral drift it is only deposited in deep water and cannot con-
tribute to a protective beach.

Certain losses of littoral drift from a shore area tend to ac-
celerate shore erosion. The principal avenues of loss of littoral
material from a specific beach area include:

(a) movement of material laterally out of the area.

(b) movement of material offshore into water of sufficient
depth that it is lost to the littoral supply.

(¢) loss of material into submarine canyons.
(d) loss of material inland.
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Appendix E
METHODS OF CONTROLLING SHORE EROSION

When depletion exceeds accretion, shores may be stabilized
by aggressive measures or by defensive measures; sometimes a
combination of both will provide the best solution. Construction of
groins or jetties for the entrapment of sand from littoral drift is
the most common aggressive measure. Beach nourishment, or
placement of sand on protective beaches, has been feasible in Dela-
ware and other places. Defensive measures include construction of
seawalls and bulkheads, sloping and terracing of banks, and modi-
fication of vegetative cover. Because of the high cost of protection
against storm it seems likely that shore front property owners will
always have to accept a calculated risk for damage from extremely
severe storms.

In selection of the shape, size, and location of protective works,
the objective should be to design an engineering work which will
accomplish the desired results most economically and with full con-
sideration of its effects on adjacent shore lines. The cost of mainte-
nance, as well as interest on and amortization of first costs, must
always be evaluated. A convenient yardstick for comparing vari-
ous plans is the total cost per year foot of shore protected.

The following sections describe the most common engineering
solutions now used to meet functional requirements and give guides
for their application.

Seawalls, bulkheads, and revetments are structures placed
parallel, or nearly parallel to the shore line, separating a land area
from a water area. Primary purpose of a bulkhead, is to retain or
prevent sliding of the land, with a secondary purpose of affording
protection to the banks against damage by wave action. The pri-
mary purpose of a seawall or revetment is to protect the land and
upland structures from wave forces, with incidental functions as
as retaining wall or bulkhead. There is normally a distinction be-
tween the three structures; however, many cases exist where the
same type of structure bears different names in different localities.
Thus, it is difficult to say whether a stone or concrete facing de-
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METHODS OF CONTROLLING SHORE EROSION 29

A backward sloping or convex curved face is the least effective
of all types against wave attack for a given height of structure.
It is, however, more adaptable to use as emergency protection,
(sand bag, or dumped stone mounds, for example) than the other
types. Actually the use of such a face type should be restricted to
those areas in which wave overtopping is not a problem or where
esthetic, emergency, or structural considerations prohibit the use
of other shapes.

Concave curved or reentrant faced structures are the most
effective in reducing wave overtopping to a minimum. Where the
crest of the structure is to be used (for a roadway or promenade,
for example), a wall so designed will be the most desirable shape
for protecting the crest. This is especially true if the beach in the
vicinity is narrow or entirely absent or if the water level is over the
base of the structure.

A stepped face provides the most ready access to beach areas
from protected areas and in addition acts to disrupt the scouring
action of the wave backwash.

In general, a seawall or bulkhead would be constructed along
that line landward of which recession of the shore line is not to be
permitted. Where an areas is to be reclaimed, a wall may be con-
structed along the seaward edge of the reclaimed area. (A seawall
constructed in the water, isolated from shore, becomes an offshore
breakwater).

A seawall, bulkhead or revetment protects no more than the
land and improvements immediately behind it. No protection is
afforded either to upcoast or downcoast areas as is the case with
beach fills. It must be emphasized that in the usual case where
erosion may be expected to occur at either end of a structure, wing
walls or tie-ins to adjacent land features must be provided to pre-
vent flanking and progressive failure of the structure from the
ends. Short term beach changes due to storms, as well as seasonal
and annual changes, must be considered. Changes updrift from
such a structure will continue unabated after the wall is built, and
downdrift, these changes will be, if anything, intensified.

Any of these structures can be built to such a height that no
water would overtop them regardless of wave attack though it is
not ordinarily economically feasible to do so. At present, there are
no entirely adequate overtopping criteria. Tests relating to quan-
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METHODS OF CONTROLLING SHORE EROSION 31

Protective beaches are the most effective means of dissipating
wave energy and afford the most effective protection for the ad-
joining upland when they can be maintained to adequate dimen-
sions. In seeking a solution for an erosion problem it is usually
advisable to investigate the feasibility of artifically providing and
maintaining an adequate beach in addition to any other remedial
measures considered. When conditions are suitable for artificial
nourishment, long reaches of shore may be protected by this method
at relatively low cost as compared with other adequate defensive
structures. An equally important advantage is that this treatment
directly remedies the basic cause of most erosion problems, that is,
a deficiency in natural sand supply, and thereby benefits rather
than damages the shore beyond the immediate problem area.

A protective beach may also be provided, under favorable con-
ditions, by properly designed groins. Groin systems should be used
with caution for, if the natural supply of littoral material is used
to restore or widen a beach, a deficiency in supply is likely in ad-
joining areas with resulting expansion of the problem area. Detri-
mental effects of groins may be prevented in most cases by artificial
fill in suitable quantity placed concurrently with groin construc-
tion. When groins are considered for use in conjunction with arti-
ficial fill, it is desirable to carefully evaluate benefits attributable to
them to justify their inclusion.

An obvious limitation in providing a protective beach, with or
without groins, is the availability of suitable material for the pur-
pose. Also, beach nourishment is usually quite costly per front foot
protected when applied to short segments of shore. The cost is not
necessarily prohibitive if, by artificial nourishment, the enlarge-
ment of a problem area can be prevented. Perhaps, the most seri-
ous limitation is that of financing a shore protection system de-
signed to provide protection beyond the immediate problem area.

In planning a protective beach, the first task is to determine
the predominant direction of littoral transport and to determine
quantitatively the deficiency in material supply in the problem area.
This deficiency is the rate of loss of beach material and is the rate
at which material supply must be increased to balance the trans-
port capacity of littoral forces so that no net loss will occur. If
there is no natural supply available, as may be the case on shores
downdrift from a major littoral barrier, the deficiency in supply
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METHODS OF CONTROLLING SHORE EROSION 88

Material finer than that occupying the natural beach will, when
placed on the surface, move seaward to a depth compatible with its
size. Materials of coarser characteristics may be expected to pro-
duce a steeper than normal beach. Almost any source of borrow
near the shore will produce some material of proper beach size.
Since the source of artificial nourishment will control the cost to
a major degree, evaluation of material characteristics is an impor-
tant factor in economic design. At present such evaluation must be
made largely on a basis of experience at other localities.

If the beach fill is placed at an elevation lower than the natural
crest height, a ridge will subsequently develop. Concurrent high
water stage and high waves will overtop the ridge and cause pond-
ing and temporary flooding of the backshore. Such flooding, if un-
desirable, may be avoided by fixing the berm height slightly above
the natural beach crest height. If there is an existing beach at the
site, the natural crest height can be determined therefrom. Other-
wise, determination must be made on a basis of comparison with
other sites possessing similar exposure characteristics and beach
material. There is at present no acceptable theoretical basis for
predicting beach crest height.

Criteria for specifying berm width depends upon a number of
factors. If the purpose of the fill is to restore an eroded beach
damaged by a major storm, berm width may be determined from
the protective width which experience had demonstrated to be re-
quired. Where beach fill is to serve as a stockpile, to be periodically
replenished, berm width should be sufficient to provide for expected
recession during intervals between replenishment. Generally the
toe of fill of a stockpile beach should not extend to such depth that
transport of any material forming the surface of the fill would be
retarded. There are no firm specifications for this limiting depth
at present but available data indicate that depths of twenty feet
below low water datum on seacoasts may be used. It is obvious that
the initial overall slope of any beach fill must be steeper than that
of the natural shore area upon which it is placed. Subsequent be-
haviour of the slope depends principally upon the characteristics
of the fill material. In ordinary practice the initial fill slope is de-
signed parallel to the local or comparable natural beach slope above
low water datum and thence slopes of 1:20 to 1:30 from low water
datum to intersection with the existing bottom. It is undesirable
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METHODS OF CONTROLLING SHORE EROSION 85

shadow of the obstacle is filled with swirls and vortices of air whose
average forward velocity is less than that of the air stream outside.
Downwind from the obstacle, forward velocity of the air inside the
shadow gradually increases to merge with the general flow of the
wind. The sand grains which strike the obstacle rebound from it
and come to rest in the relatively stagnant air in front. When the
resulting heap has grown up so that its slopes stand at the limiting
angle of repose (about 34°), all additional material slides down the
slope to join the sand stream passing along the side of the obstacle.

Sand fences can be constructed in movable sections or made
of individual pickets driven into the sand. The width and length
of the pickets may vary but the spacing of the pickets is important,
with no more than 50 percent of the surface covered. For best re-
sults the space between the pickets should equal the width of the
pickets. In order to widen the crest of the dune and facilitate estab-
lishment of vegetation, two lines of fence about 30 feet apart should
be used. The use of a single fence tends to make dunes with a
sharp crest unfavorable to establishment of cover. As the dune
builds up on the fence, the fence can be raised until the desired
height is attained. The belt can be broadened by shifting the second
fence windward as the dune grows or by adding a third fence.

The sand fences should be constructed perpendicular to the
prevailing wind direction unless it is desired to cause the sand to
move longitudinally along the fence to fill in the low gaps. In this
case the fences may be built slightly quartering to the general
shifting direction of the sand movement or panelling may be re-
sorted to.

Coats of hot crude oil may be used to stabilize the face of the
dune and cause the dune to widen. Penetration is deeper when the
upper few inches of sand are dry. Oiling is expensive and special
equipment is necessary for highest efficiency. Oiling is effective for
only a few years and must be repeated frequently. Oiling increases
the saltation coefficient of material flowing over the surface. The
sand blows up and over the top, depositing in front of the slip face
in successive advancing fill increments. This widening of the dune
continues until a streamlined body is built downwind from the
paved face. The entire mass is permanently stored as long as the
oiled surface remains intact.

After protective dunes have been formed they should be sta-
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METHODS OF CONTROLLING SHORE EROSION 37

from shoaling the channel. In some sections of the country groins
are commonly referred to as jetties or piers.

A groin interposes a total or partial barrier to littoral drift
moving in that part of the littoral zone between the seaward end
of the groin and the limit of wave uprush. The extent to which
littoral drift is modified depends on height, length, and permeabil-
ity of the groin. The manner in which a groin operates to modify
the rate of littoral drift is approximately the same whether it
operates singly or as one of a system, provided spacing between
adjacent groins is adequate. However, under some conditions a
single groin or the updrift groin of a system, may have a somewhat
smaller capacity than other individual groins of the system.

The groin acts as a partial dam to intercept a portion of
normal drift. As material accumulates on the updrift side, supply
to the downdrift shore is correspondingly reduced causing it to
recede. This process results in a progressively steepening slope on
the updrift side and a flattening slope on the downdrift side as both
slopes reach a common elevation at or near the end of the groin.
Since the grain size of the beach material normally increases to
establish a steeper than normal slope, the accreted material is the
coarser fraction of the material that was in transport.

When the accreted slope reaches ultimate steepness for the
coarser fraction of the material available, impoundment ceases and
all littoral drift passes the groin. If the groin is sufficiently high
that no material may pass over it, all transport must be in depths
beyond the end of the groin: Because of the nature of transporting
currents the material in transit does not move directly shoreward
after passing the groin, and transport characteristics do not be-
come normal for some distance on the downdrift side of the groin.
Thus, a groin system too closely spaced would divert littoral trans-
port offshore rather than create a widened beach.

The accretion fillet on the updrift side of the groin creates a
departure from normal shore alignment, tending toward a stable
alignment perpendicular to the resultant forces of wave attack.

Groins may be classified as permeable or impermeable, high or
low, and fixed or adjustable. They may be constructed of timber,
steel, stone, concrete, or other materials, or combinations thereof.
Impermeable groins have a solid or nearly solid structure which
prevents littoral drift passing through the structure. Permeable
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METHODS OF CONTROLLING SHORE EROSION 39

minimum of erosion damage to the downdrift area. However, they
are effective only where there is an adequate supply of littoral
material.

The width and side slope of a groin depend on wave forces to
be withstood, the type of groin, the materials with which it is con-
structed, and the construction methods used. These features are
considered under structural design. The length, profile and spac-
ing are important considerations with respect to functional success.

The length of a groin is determined by the depths in the off-
shore area and the extent to which it is desired to intercept the
littoral stream. The length should be such as to interrupt such a
part of the littoral drift as will supply enough materials to create
the desired stabilization of the shore line or the desired accretion
of new beach areas. Care must be exercised that these ends are
attained without a corresponding damage to downdrift areas. For
functional design purposes, a groin may be considered in three
sections:

(a) The horizontal shore section
(b) the intermediate sloped section,
(c) the outer section.

The horizontal shore section would extend from the desired
location of the berm crest as far landward as is required to anchor
the groin to prevent flanking. The height of the shore section de-
pends on the degree to which it is desirable for sand to overtop the
groin and replenish the downdrift beach. The minimum height of
the groin is the height of the desired berm, which is usually the
height of maximum high water that occurs frequently plus the
height of normal wave uprush. The maximum height of groin to
retain all sand reaching the area (a high groin) is the height of
maximum wave uprush during all but the least frequent storms.
This section is horizontal or sloped slightly seaward, paralleling the
existing beach profile or the desired slope, in case a wider beach is
desired or a new beach is to be built. )

The intermediate sloped section would extend between the
shore section and the more or less level outer section. This part of
the groin should approximately parallel the slope of the foreshore
the groin is expected to maintain. The elevation at the lower end
of the slope will usually be determined by the construction methods
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found and advantages are claimed by proponents of each type.
Based on the theory of groin operation, which established the depth
to which the groin extends as the critical factor affecting its im-
pounding capacity, maximum economy is achieved with a straight
groin perpendicular to the shore line. - Various modifications such
as a “T” or “L” head usually designed with the primary purpose of
limiting recession on the downdrift side of a groin. While these
may achieve the intended purpose in some cases, the zone of maxi-
mum recession is often simply shifted to a point some’ distance
away from the groin (on the downdrift side) and benefits are thus
limited. Storm waves will normally produce greater scour at the
extremities of “T” or “L” head structures than at the end of a
straight groin perpendicular to the shore and delaying the return
to normal profile after storm conditions have abated.

Curved, hooked or angle groins have been employed for the
same purposes as the “T” or “I” head types and have the same ob-
jectionable features; that is, they invite excessive scour and are
more costly to build and maintain than the straight groin perpen-
dicular to the shore. In cases where the adjusted shore alignment
expected to result from a groin system will differ greatly from the
alignment at the time of construction, it may be desirable to align
the groins normal to the adjusted shore alignment in order to avoid
angular wave attack on the structures after the shore has sta-
bilized. This condition is most likely to be encountered in the vicin-
ity of inlets and along the sides of bays.

The sequence of groin construction is of concern only to sites
where a groin system is under consideration. Here two conditions
arise:

(1) where the groin system will be filled artificially and it is
necessary to stabilize the new beach in its advanced
position.

(2) where littoral transport is depended upon to make the fill
and it is necessary to stabilize the existing beach or build
additional beach with a minimum of detrimental effect on
downdrift areas.

In the first instance the only interruption of littoral transport
will be between the time the groin system is constructed and the
time the artificial fill is made. In the interests of economy the fill
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METHODS OF CONTROLLING SHORE EROSION 43

considerations have indicated that use of groins is practicable, the
selection of groin type is affected in overlapping and varying de-
grees by the foregoing inter-related factors.

With consideration to beach and upland topography, a steep
beach is an indication of heavy wave action and generally requires
substantial structures, usually of concrete, stone, or steel. Under
these conditions light timber groins will not be adequate seaward
of the crest of berm. However, timber can be used for the inshore
section above the crest of berm if the beach is backed by sandy
areas, such as sand dunes. On gently sloping beaches, lighter con-
struction of timber, steel, or concrete generally can be used except
in the vicinity of inlets. A thorough consideration of foundation
materials is essential to the selection of groin type. Borings and
probings should be taken to determine subsurface conditions for
penetration of piling. Where the foundations are poor or where
little penetration is possible, some type of cellular or stone groin
may be indicated despite its greater cost. Good penetration may
indicate the economy of sheet piling, provided materials are avail-
able.

Availability of materials affects selection of type because of
the economic aspects. The material which would normally be the
most economic with full consideration given to life of the material
and maintenance costs is not available except at a cost that would
make some other material or type of construction more economical.
The first costs of timber groins and of steel sheet pile groins are
often less than for other types of construction. The concrete groin
is considerably more expensive than timber but often costs less
than the massive stone groin. However, concrete and stone groins
require less maintenance and have much longer economic life than
the timber or steel sheet pile groins. These factors, the amount of
funds available for initial construction, the annual charges, and the
period during which protection will be required must all be studied
before deciding on a particular type.

It is sometimes desirable to nourish beaches downdrift from
a natural or artificial barrier within the littoral zone, the trapped
material acting as a source of supply. Such a littoral barrier may
be a jettied entrance to a harbor, a natural inlet, an offshore break-
water, or a shore connected breakwater. A sand by-passing plant
is a plant designed to mechanically transport littoral drift past a
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METHODS OF CONTROLLING SHORE EROSION 45

j—TUntreated timber piles when encased in a gunite armor and
properly sealed at the top will give economical service.

j—Concrete to last in the tidal zone must have a high cement con-
tent; a minimum of 614 bags per cubic yard is recommended.

k—The lower the water-cement ratio, the more durable concrete
will be in salt water.

1—Care must be exercised in the selection of coarse and fine aggre-
gates both for density of grading and to avoid unfavorable
chemical reaction with the cement.

m—Maintenance of speciﬁed clear cover over all reinforcing steel
is of the greatest importance.

n—Smooth formwork and rounded corners improve the durability
of concrete structures.

o—AIll steelwork in and above the tidal range will last longer if
protected. A good method is to provide a concrete envelope.
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MARYLAND LAWS PERTAINING TO SHORE EROSION 47

inspected and the probable cost of such project. The property
owners shall also be notified of the date of a public hearing on the
project. Following the hearing, the district council shall decide
whether or not to proceed with the erosion prevention works. If
the project is approved, a contract is advertised, bid and let in the
same manner as other types of construction work.

After any such project is completed, the distriet council shall
fix and levey a benefit charge upon the real property benefited by
the erosion prevention works. Before assessing the benefit charge,
the district council shall hold a hearing for owners of benefited
lands. After the hearing the district council shall determine the
benefits accruing to each parcel of land and shall fix and levy a
benefit charge to the extent it is benefited by the construction work.
This benefit charge shall be a lien upon the real estate and shall be
levied for a period of years coextensive with the period of maturity
of the notes or bonds. In addition to the benefit charge there shall
be levied upon all properties in the district a tax which, together
with the benefit charge, shall be sufficient to pay for retirement of
bonds, interest thereon, maintenance of construction and adminis-
tration expenses. This tax shall be collected in the same manner
similar as other taxes collected by the county. If the funds col-
lected in one year be insufficient to pay all the obligations, then
such deficiency shall be added to the following year’s levy.

In 1959 the legislature provided an alternative method in fi-
nancing an erosion control works on a county-wide basis. Under
this alternative method the county commissioners may pay up to
25 per cent of the costs of any erosion control project by issue of
bonds or notes. The commissioners are authorized to accept from
either the State of Maryland or the Federal Government any por-
tion or all of the remaining 75 per cent of the total cost. The prin-
cipal and interest of any bond or note shall be paid by a county-
wide tax. If this alternative provision is used, the county commis-
sioners shall not be constituted as a district council.

Article 66B of the Annotated Code of Maryland authorizes
the counties of the state to set up planning commissions. Where
such a commission has been established, it is required to adopt
regulations for the control of subdivision development. After
official adoption of such regulation, all new subdivision plats must
be submitted for approval by the planning and zoning commission
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Appendix G

SHORE EROSION CONTROL ACTIVITIES

" The State Roads Commission received an appropriation of
$20,000 in 1921 for use in protection of the ocean highway adjacent
to Ocean City from shore erosion. This amount has been a con-
tinuing budget item since that time and has been supplemented to
some extent through use of maintenance funds.

_ The system of treated timber groins constructed by the State
Roads Commission extends from the north stone jetty of the Ocean
City Inlet northward to Twenty Sixth Street. The structures from
the inlet to approximately N. Ninth Street are buried under the
higher and widened beach, caused principally by the north stone
jetty at the inlet. Those structures northward to N. Twenty Sixth
Street are performing creditably and have contributed to the pres-
ervation of the shoreline in this area, although it is only in the last
several years that the proper spacing between groins has been
achieved. In 1960-61, three timber groins were installed between
N. Seventy Second and N. Seventy Fifth Streets because a massive
change inland in that area threatened damage to the adjacent ocean
highway.

From the Delaware line, approximately seven miles southward,
an effort was made in 1954-55 to install groins that would be help-
ful in arresting constant erosion forces which were causing shore-
line losses in many areas of this stretch of fine beach. These groins,
composed of asphalt and native beach sand, were mounded to a
height of approximately three feet above the existing elevation.
The seaward end of these units reached to low water in the ocean
and generally the inshore ends extended to the dune line or to a
higher elevation, whichever was found within 200 feet of the low
water in the ocean. These structures, while very economical, suf-
fered losses at the ocean end of the units with few exceptions.
However, all of the structures are in evidence and are still con-
tributing to the maintenance of the higher elevation of the beach
back to the dune line. These groins did not perform to maximum

49




axem suoloadsul ggg JO [B10} V HG6T Ul 6 Sem 389M0[ oYj PU® T96T
ul Gg Sem spBwW suOoljdadsul JO Jaquunu 3soySIY OYJ, 'SISUMO £)19

-doad 103y paiedaid SUOIJBPUSUIUIOIAI PUB SBOIR wejqoxd jo apewr
U99q 2A®y suoljoedsul ‘ysenbox uod() ‘SIIPNIS UOISOId AIOYS JOF
000°T$ Fo weyr 303pnq © pey sey juowpdede( SIY} TS6T ooul§ “earr
Aeq 9y} Ul UOISOJId BIO0YS JO apew Apnjs 939[dwiod A[uo ay3y s1 3a0dsx
SIUL "9 uns[ing X0y ejep pspraoxd yoIym g¢peT Ul $9lpnjs pajeniul
§90IN0SAY I9}BM pU® SUTJY ‘A30[09Y) JO jusuraede(] 938} Y],
dwIr)} 1Y} 9OUIS SIIIUNO)) [FPUNIY dUUY
pue s AIey }S ‘WIOA[BD Ul POYSIB}Sd uddq SBY uorjosjoxd suwios
pue 2doos apImaje)s ueAlS sem me[ SIYj 1GET Ul ‘pajosjoad uvaq
PeY Sull 9I0Ys JO j9dF 1BOUI] 000‘6Z ‘9E6T Aq PUB POULIOY oJoM §30L13
-S1(] UOISOXT "£JUN0) [9pUNIY SUUY JOF ME[ [890] B 58 passed sem
‘U0I}99§ I9YJOUL UI POSSNOSIP ‘MB[ JOLISI(] UOISOIF 9} 86T Ul
‘PoATe)S SI YoBI( pu®[s] angesy
-BSSY JO ed UISYMOU 8y3 Jey)} OS JFLIP [BIOW[ premyjnos pajdso
~I93Ul 9A®Y ‘Jo[ul BY} JO SIUSLIND UM 10Y3a303 ‘430l YL, ‘yoveg
£31D u®ddQ 9Y3 JO SUTUSPIM dY) 0} A[[BLISJBWL penqrijuod sey A£33sf
Yprou ayJ, ‘£3I[IqBSIABU UTRJUIEW 0} §B OF SIUSLIND JO9LIP YoIym
Jo[ul |y} yo Ynos pu® yrou saljjel paurejurewr sBY saaduUISUR Jo
sd1o) ayJ, "Aurny $938}S PojIuf) ‘SA9AULSUF JO sd1o) 3y} yo £I[1q
-Isuodsax a3 swedd( UoI3e3IARU X0F J3[Ul By} JO QUBUIUIBW ‘A1)
U€9d() }e JOQIBY pue[ul 3y} JO JUSWYSI[qLISe Yy} YA -pauur[d
8B Uuo[eoo] swes 9y} Apjewrxoxdde ul jeul ayj paplaoad sanjeu
90Uls ATBSS900U JOU SBM S[OSSIA [BISBOD 10F SOIJI[I0B] JurroqJaey apIa
-01d pu® $19)5£0 aanjanu o} jIom SIyJ, "Aeg jusxndaulg ojul I93EM
89S Usday 19] 03 L)1) uBID(Q j€ IBq puBs 8y} Y3Inoayy jnd 0} ¢LGI
0} xolxd xeded uo 9I9M UOISSIWIWIO)) SPBOY 93818 oY) £q sue|g
"PRqLIOSSp BAA® 9} Ul YoBa(q PUB SUI[ISBOD 31} JO 90UBUIJUIBL
pue uonjeArssead a3 Y3m paSaeyo A[30aa1p jou sI £ouUsSe Jeyj) osned
-9 LI[IqIsuodsar dyroads s,UOISSIWWO) SPBOY 938)S 93 0] usAl3
9q uonIulodoel jeyj jueirodwil ST 3] °8gG OINOY 98)S PUBAIBI]
‘AeMUSTH u®e0() jusdBlpe 9y} JO UO0I}O9}0ad [[BISAO 33 xoF A311q
-Isuodsar §UOISSTWWO)) 9Y} Y3IM UOKOSUUOD Ul UOISSIUIIO)) Sproy
91B]S 9} FO UONOSIIP 3} Id9pUN UDA( dABY ‘GO[UI BY) JO YgIou £33l
ou0}s 3} JO IAISN[IXS ‘S901A9P uOIPos)joxd Yowveq JO §3800 [V
‘UOI3BI0] SIY} Je Sulox3 ussmiaq [eatajul wnwijdo ayj

199 00F UBY3J J9UJBX 199 (Q0‘T A[ABOU Sem aul] yoesq JO Yojoxjs
o[Iu UsAds sIY} Suoje Jumeds JIdYy) asnedaq Lousrolye o[qrssod

ANVIXIVIN 404 XOIT0d NOISOYH AJOHS V 0g



SHORE EROSION CONTROL ACTIVITIES 61

made in the eleven year period. Few of the recommendations have
been carried out except by the Anne Arundel erosion districts be-
cause of the inability or unwillingness of individual owners to fi- -
nance the costs of construction.

About 1955, the State Soil Conservation Committee authorized
the expenditure of a few hundred dollars by a Soil Conservation
District in one of the Eastern Shore counties. In cooperation with
a shore front landowner, a limited trial in low cost protection
proved unsatisfactory.

Since 1955 the Agricultural Extension Service Drainage
Specialist has made about 15 recommendations for shore erosion
control measures on farms where he was doing other work. Only
a small portion of these recommendations have been executed.

Many individual property owners attempt, from time to time,
to protect their frontage. Varying degrees of success and failure
can be observed but far more of the latter. Few protective works
have been designed; most have simply been built and “rules-of-
thumb” have frequently given poor results.

Under existing law, protection of shore frontage is the re-
sponsibility of the individual owner except in sub-divisions where
group action is possible through formation of erosion distircts.
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v

BANK— (1) The rising ground bordering a lake, river, or sea, on a river
designated as right or left as it would appear facing downstream; (2) An
elevation of the sea floor of large area, surrounded by deeper water, but
safe for surface navigation; a submerged plateau or shelf, a shoal, or
shallow.

BAR—An offshore ridge or mound of sand, gravel, or other unconsolidated
material submerged at least at high tide, especially at the mouth of a
river or estuary, or lying a short distance from and usually parallel to,
the beach.

BAR, BAYMOUTH—A bar extending partially or entirely across the mouth
of a bay.

BARRIER BEACH—A bar essentially parallel to the shore, the crest of which
is above high water. Also OFFSHORE BARRIER.

BARRIER REEF—A reef which roughly parallels land but is some distance
offshore, with deeper water intervening.

BEACH—(n.) (1) The zone of unconsolidated material that extends landward
from the low water line to the place where there is marked change in
material or physiographic form . .. or to the line of permanent vegetation
(usually the effective limit of storm waves.) The seaward limit of the
beach—unless otherwise specified—is the mean low water line. A beach
includes FORESHORE and BACKSHORE; (2) Sometimes, the material
which is in more or less active transport, alongshore or on-and-off shore,
rather than the zone.

BEACH ACCRETION—See ACCRETION.

BEACH, BARRIER—A bar essentially parallel to the shore, the crest of which
is above high water level. Also OFFSHORE BARRIER.

BEACH BERM—A nearly horizontal portion of the beach or backshore formed
by the deposit of material by wave action. Some beaches have no berms,
others have one or several.

BEACH EROSION—The carrying away of beach materials by wave action,
tidal currents, or littoral currents, or by wind.

BEACH FACE—The section of the beach normally exposed to the action of
the wave uprush.

BEACH FEEDER—An artificially widened beach serving to nourish down-
drift beaches by natural littoral currents or forces.

BEACH WIDTH—The horizontal dimension of the beach as measured perpen-
dicular to the shore line.

BENCH MARKS (B.M.)—a fixed point used as a reference for elevations.

BERM, BEACH—A nearly horizontal portion of a beach formed by the deposit
of material by wave action. Some beaches have no berms; others have one
or several.
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GLOSSARY OF TERMS b5

water deep enough to be used for navigation through an area otherwise too
shallow for navigation; (8) A large strait, as the English Channel; (4)
The deepest portion of a stream, bay, or strait through which the main
volume or current of water flows.

CLIFF—A high, steep face or rock, a precipice. See also SEA CLIFF.

COAST—A strip of land of indefinite width (may be several miles) that ex-

tends from the seashore inland to the first major change in terrain fea-
tures.

COASTAL AREA—The land and sea area bordering the shore line.

COASTAL PLAIN—The plain composed of horizontal or gently sloping strata
of clastic materials fronting the coast and generally representing a strip
of geologically recently emerged sea bottom.

COASTAL LINE—(1) Technically, the line that forms the boundary between
the COAST and the SHORE; (2) Commonly, the line that forms the
boundary between the land and the water.

COMBER—(1) A deep water wave whose crest is pushed forward by a strong
wind, much larger than a whitecap; (2) a long-period spilling breaker.

CONTINENTAL SHELF—The zone bordering a continent extending from the
line of permanent immersion to the depth (usually about 100 fathoms)
where there is a marked or rather steep descent toward the great depths.

CONTOUR—(1) An imaginary line connecting points on a land or submarine
surface that have the same elevation; (2) in topographic or hydrographic
work, a line connecting all points of equal elevation above or below.

CONTROLLING DEPTH—The least depth of water in the navigable parts of
a waterway, which limits the allowable draft of vessels.

COVE—A small sheltered recess in a shore or coast, often inside larger em-
bayments.

CREST LENGTH, WAVE—The length of a wave along its crest. Sometimes
called CREST WIDTH.

CREST OF WAVE—(1) The highest part of a wave; (2) That part of the
wave above still water level.

CURRENT—A flow of water.

CURRENT, COASTAL—One of the offshore currents flowing generally par-
allel to the shore line with a relatively uniform velocity (as compared to
the littoral currents). They are not related genetically to waves and re-
sulting surf may be composed of currents related to distribution of mass
in ocean waters (or local eddies), wind-driven currents and/or tidal cur-
rents.

CURRENT, DRIFT—A broad, shallow, slow-moving ocean or lake current.

CURRENT, EBB—The movement of the tidal current away from shore or
down a tidal stream.
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GLOSSARY OF TERMS 57

EBB TIDE—A non-technical term referring to that period of tide between a
high water and the succeeding low water; falling tide.

EMBANKMENT—AnN artificial bank, mound, dike or the like, built to hold
back water, carry a roadway, etec.

EROSION—The wearing away of land by the action of natural forces. (See
also SCOUR). On a BEACH, by carrying away of beach materials by
wave action, tidal currents, or littoral currents or by the action of the wind
(See DEFLATION).

ESTUARY—(1) That portion of a stream influenced by the tide of the body
of water into which it flows; (2) A bay, as the mouth of a river, where
the tide meets the river current.

FATHOM-—A unit of measurement used for soundings. It is equal to 6 feet
(1.88 meters).

FETCH LENGTH—In wave forecasting, the horizontal distance (in the direc-
tion of the wind) over which the wind blows.

FLOOD CURRENT—The movement of the tidal current toward the shore or
up a tidal stream.

FLOOD TIDE—A non-technical term referring to that period of tide between
low water and the succeeding high water; a rising tide.

FOLLOWING WIND—In wave forecasting, wind blowing in the same direc-
tion that waves are travelling.

FORESHORE—The part of the shore, lying between the crest of the seaward
berm (or the upper limit of wave wash at high tide) and the ordinary low
water mark, that is ordinarily traversed by the uprush and backrush of
the waves as the tides rise and fall.

FREEBOARD—The additional height of a structure above design high water
level to prevent overflow. Also, at a given time the vertical distance be-
tween the water level and the top of the structure. On a ship, the distance
from the water line to main deck or gunwale. '

GROIN—(BRIT. GROYNE)—A shore protective structure to trap littoral drift
or retard erosion of the shore. It is narrow in width (measured parallel
to the shore line), and its length may vary from a few feet to several hun-
dred feet extending from a point landward of the shore line out into the
water. Groins may be classified as permeable or impermeable; imperme-
able groins having a solid or nearly solid structure, permeable groing hav-
ing openings through them of sufficient size to permit passage of appreci-
able quantities of littoral drift.

GROUND SWELL—A long high ocean swell; also, this swell as it rises to
prominent height in shallow water.

HEIGHT OF WAVE—The vertical distance between a crest and the preceding
trough.
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GLOSSARY OF TERMS

PERMEABLE GROIN~—See under GROIN.

PIER—A structure, extending out into the water from the shore, to serve as a
landing place, a recreational facility, etc., rather than to afford coastal
protection.

PILE—A long, slender piece of wood, concrete, or metal to be driven or jetted
into the earth or sea bed to serve as a support or protection.

PILING—A group of piles.

PILE, SHEET—A pile with a generally flat cross-section to be driven into the
ground or sea bed and meshed. or interlocked with like members to form
a diaphragm, wall, or bulkhead.

PLUNGE POINT—(1) For a plunging wave, the point at which the wave

curls over and falls; (2) The final breaking point of the waves just before
they rush up on the beach.

POINT—The extreme end of a cape; or the outer end of any land area pro-
truding into the water, usually less prominent than a cape.

PORT—A place where vessels may discharge or receive cargo; may be the
entire harbor including its approaches and anchorages or may be the
commercial part of a harbor, where the quays, wharves, facilities for
transfer of cargo, docks, repair shops, ete., are situated.

PROFILE BEACH—The intersection of the ground surface with a vertical

plane; may extend from the top of the dune line to the seaward limit of
sand movement.

PROPAGATION OF WAVES—The transmission of waves through water.

REEF, BARRIER—A reef which roughly parallels land but is some distance
offshore, with deeper water intervening.

REFLECTED WAVE—The wave that is returned seaward when a wave im-
pinges upon a very steep beach, barrier, or other reflecting surfaces.

REVETMENT—A facing of stone, concrete, etc., built to protect a scarp,
embankment or shore structure against erosion by the wave action or
currents.

RIP—A body of water made rough by waves meeting an opposing current,
particularly a tidal current; often found where tidal currents are converg-
ing and sinking. A TIDE RIP.

RIPRAP—A layer, facing, or protective mound of stones randomly placed to
prevent erosion, scour, or sloughing of a structure or embankment; also
the stone so used.

RUBBLE~-(1) Loose angular water-worn stones aldng a beach. (2) Rough,
irregular fragments of broken rock.

RUN-UP-—The rush of water up a structure on the breaking of a wave. Also
UPRUSH. The amount of run-up is the vertical height above still water
level that the rush of water reaches.
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SURF—The wave activity in the area between the shore line and the outer-
most limit of breakers.

SURF ZONE—The area between the outermost breaker and the limit of wave
uprush.

SWAMP (noun)—A tract of wet spongy land, frequently inundated by fresh
or salt water, and characteristically dominated by trees and shrubs.

SWAMP (verb)—To overset, sink, or fill up a craft with water.

SWASH—The rush of water up onto the beach following the breaking of a
wave. Also UPRUSH, RUN-UP.

SWELL—Wind-generated waves that have advanced into regions of weaker
winds or calm.

TIDAL CURRENT—A current caused by the tide-producing forces of the
moon and the sun, a part of the same general movement of the sea that is
manifested in the vertical rise and fall of the tides. Also CURRENT,
PERIODIC. See also CURRENT, FLOOD and CURRENT, EBB.

TIDAL FLATS—Marshy or muddy land areas which are covered and un-
covered by the rise and fall of the tide.

TIDAL INLET—(1) A natural inlet maintained by tidal flow; (2) Loosely an
inlet in which the tide ebbs and flows. Also TIDAL OUTLET.

TIDAL PERIOD—The interval of time between two consecutive like phases
of the tide.

TIDAL POOL—A pool of water remaining on a beach or reef after recession
of the.tide.

TIDAL PRISM—The total amount of water that flows into the harbor or out
again with movement of the tide, excluding any fresh water flow.

TIDAL RANGE—The difference in height between consecutive high and low
waters.

TIDE—The periodic rising and falling of the water that results from gravita-
tional attraction of the moon and sun acting upon the rotating earth. Al-
though the accompanying horizontal movement of the water resulting
from the same cause is also sometimes called the tide, it is preferable to
designate the latter as TIDAL CURRENT, reserving the name tide for
the vertical movement. C

TIDE, EBB—That period of tide between a high water and the succeeding
low. water; falling tide.

TIDE, FLOOD—That period of tide between low water and the succeeding
high water; a rising tide.

TIDE, SLACK—The state of a tidal current when its velocity is near zero,

especially the moment when a reversing current changes direction and
its wvelocity is zero. Sometimes considered the intermediate period be-
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WAVE LENGTH—The horizontal distance between similar points on two suc-
cessive waves measured perpendicularly to the crest.

WAVE PROPAGATION—The transmission of waves through water.

WHARF—A. structure built on the shore of a harbor, river, canal, ete., so
that vessels may lie alongside to receive and discharge cargo, passengers,
ete.

WHITECAP—On the crest of a wave, the white froth caused by wind.

WIND—The horizontal natural movement of air; air naturally in motion with
any degree of velocity.

"WIND, FOLLOWING—In wave forecastlng, wind blowing in the same direc-
tion that waves are travelling.

WIND, OFFSHORE—A wind blowing seaward over the coastal area.
WIND, ONSHORE—A wind blowing landward over the coastal area.
WINDWARD—The direction from which the wind is blowing.

WIND WAVES—(1) Waves being formed and built up by the wind, (2)
loosely, any wave generated by wind.













